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TiO2 nanoparticles, successfully prepared by sol-gel method, were added with different
contents to CMC solution to obtain CMC/TiO2 nanocomposite. The structure and particle
size of the TiO2 nanoparticles, embedded in the CMC matrix, were identified by X-ray
diffraction (XRD), and transmission electron microscopy (TEM) techniques, with particle
size in the range of 20e40 nm. The additives have a significant effect on the particle size
distribution and physical properties of CMC/TiO2. The optical and electrical properties of
CMC/TiO2 were characterized by means of UVeVIS spectroscopy and electrical methods,
respectively. The electrical activation energy DE for DC conduction decreases with
increasing in TiO2 ratio. The ac conductivity depends on the temperature and frequency
according to SPH model for CMC polymer and CBH model for CMC/TiO2 nanocomposites.
The dielectric constant 31 and dielectric loss 32 for all samples increase with increasing
temperature and decrease with increasing the frequency. The optical band gap transforms
from indirect in case of CMC polymer into direct band gap in case of CMC/TiO2 nano-
composites. Moreover, the optical band gap was investigated under different doses of
gamma irradiation. The band gap is slightly increased by increasing the doses of gamma
irradiation.
Copyright ª 2014, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. All rights reserved.1. Introduction
Nanotechnology is defined as the utilization of structureswith
at least one dimension of nanometer size for the constructioncom (A. Abdel-Galil).
ptian Society of Radiatio
sevier
yptianSociety ofRadiationScieof materials, devices, or systems with novel or significantly
improved properties due to their nano-size. Nanotechnology
is an extremely powerful emerging technology which is ex-
pected to have a substantial impact on medical technology
now and in the future. Nano-particles are commonly used inn Sciences and Applications
ncesandApplications. ProductionandhostingbyElsevierB.V.All rights reserved.
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Recently, the synthesis and design of organiceinorganic
hybridmaterials have generated great interests in the fields of
material sciences. Composite nanofiber materials formed by
blending nano-sized inorganic and organic materials are
attractive for the purpose of creating new materials with new
or enhanced properties compared with single organic or
inorganic materials. The incorporation of a small amount of
inorganic nanoparticles can improve the performance of the
mechanical, thermal, optical, electrical, antimicrobial, anti-
fouling and catalytic properties of a polymer matrix (Jordan,
Jacob, Tannenbaum, Sharaf, & Jasiuk, 2005; Viswanathan,
Laha, Balani, Agarwal, & Seal, 2006; Damodar, You, Chou, &
Hazard, 2009). This process makes fibers the best candidate
in many applications such as filtration, the manufacturing of
protective clothing, tissue engineering, and sensors (Lee et al.
2009; Raghavan et al. 2008; Yang, Both, Yang, Walboomers, &
Jansen, 2009; Yang et al., 2009; Rajesh, Ahujab, & Kumarb,
2009). Different methods, such as solegel processing, dip-
coating, spin-coating, and evaporationedeposition, have
been used to incorporate inorganic nanoparticles into a
polymer matrix (Chi & Jin, 2007). Nano TiO2 is well known for
its many advantages, such as good stability, hydrophilic
properties, UV blocking ability and excellent photocatalytic
and antimicrobacterial capacity (Linsebigler, Lu, & Yates,
1995).
Titanium dioxide offers a range of physical and chemical
properties that make it suitable for a wide spectrum of applica-
tions such as photoelectrochemistry, electrochromic devices,
catalysis, gas sensing, and dye-sensitized solar cells (Hagfeldt,
Vlachopolous, & Gra¨tzel, 1994; Lei, Zhang, & Fan, 2001; Li,
Haneda, Hishita, & Ohashi, 2005; Tulloch, 2004; Xie, 2006). Being
biocompatible, environmentally friendly, and readily available,
TiO2 is also a promising candidate to replace the carbon-based
anode material for lithium-ion batteries. Among different TiO2
polymorphs, anatase presents fast lithium insertion/extraction
reactions and high insertion capacity (Yang et al., 2009).
Sodium CMC is a linear polymeric derivative of natural
cellulose, made water soluble because of the presence of
carboxymethyl groups. Different levels of carboxymethyl
(eOCH2COOe Naþ) substitution are possible up to the
maximum degree of substitution of 3 (DS ¼ 3). It has been
demonstrated that CMC, either alone or in combination with
styrene butadiene block co-polymer (SBR), can replace PVDF
as binder providing good cycleability and mechanical stabil-
ity to electrodes that suffer of severe volume expansion
during cycling (e.g. tinelithium alloys) (Buqa, Holzapfel,
Krumeich, Veit, & Nova´k, 2006; Guerfi, Kaneko, Petitclerc,
Mori, & Zaghib, 2007). CMC as binder in graphite electrodes,
in addition, lowers the irreversible capacity loss (ICL) in the
first cycle and improves the high rate performances (Buqa
et al. 2006). The main advantages in using CMC instead of
PVDF are related to its lower cost and to the possibility to
replace NMP with water during electrode fabrication thus
decreasing the cost and the environmental impact of the
battery production.
In this work, CMC/TiO2 nanocomposites have been suc-
cessfully prepared by solegel technique. The particle size of
CMC/TiO2 nanocomposites was determined by TEM and XRD
techniques. The effect of different ratios of TiO2 on the opticaland electrical properties of CMC/TiO2 nanocomposites was
investigated.2. Experimental
2.1. Preparation of TiO2 nanoparticles
A 25 ml of titanium isopropoxide (95%, Alfa, Aesar, Germany)
is added drop wise at room temperature, to 125 ml of a 0.1 M
nitric acid solution under vigorous stirring. Awhite precipitate
is formed instantaneously. Immediately after the hydrolysis,
the slurry is heated to 80 C and stirred vigorously for 8 h in
order to achieve the peptization (i.e. destruction of the ag-
glomerates and redispersion into primary particles). Precipi-
tate was obtained by centrifugation. The Precipitate was dried
at 100 C and calcined at 500 C for 2h.
2.2. Preparation of CMC/TiO2 nanocomposites films
CMCwith aweight of 5 gwas added to 100ml of distilledwater
with stirring for 4 h until complete miscibility. During the
stirring, the required amount of TiO2 (1%, 15%) was added to
the solution. The mixture was removed, the foam was skim-
med off, and the solution was poured on leveled hydrophobic
polystyrene petri dishes and dried for 48h at room tempera-
tures to form the desired films. The filmswere finally removed
from the trays. The structure of CMC polymer and CMC/TiO2
nanocompositesfilmswere carriedout bya fully computerized
X-ray diffractometer (Shimadzu type XD-DI). The surface
morphology and the particle size were investigated by Trans-
mission electron microscope; model JEM100CS, Jeol Electron
Microscope, Japan, Working at acceleration voltage of 80 kV.
The optical absorbance measurements of the prepared sam-
pleswerecarriedout at roomtemperatureusingadoublebeam
Shimadzu UVeVIS spectrophotometer in the wavelength
range 200e1100 nm. Electrical conductivity measurements
were carried out in a cell with brass electrodes in the temper-
ature range of 295e315 K, using an electric heater in isolated
chamber and a thermo couple placed very close to the sample.
For the dc conductivity measurements, a Keithly-617 elec-
trometer was used for measuring resistance of the samples at
different temperatures within the range of 295e315 K. The
frequency-dependent measurements of impedance, Z, capac-
itance, C, dissipation factor, tan d, and the phase angle, q, be-
tween the applied ac voltage and the resulting current through
the sample, were obtained using a computer controlled LRC
bridge model HIOKI 3532 in different frequencies range from
50 Hz to 5 MHz and temperature from 295 to 315 K.3. Results and discussion
3.1. X-ray diffraction and TEM analysis
In Fig. 1, the XRD patterns exhibited strong diffraction peaks of
TiO2 anatase phase at 2q equal to 25 (101), 36 (110), 48 (200),
55 (211), and 62 (204) .On the other hand, diffraction peaks at
2q equal to 27 (110) indicating TiO2 in the rutile phase. All
peaks are in good agreement with the standard spectrum
Fig. 2 e TEM for CMC &15% TiO2 sample.
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Fig. 1 e X-ray diffraction patterns for CMC, CMC &1% TiO2
and CMC &15% TiO2.
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Ngotawornchai, 2008). The mean grain size (D) of the sam-
ples under study can be calculated by Scherrer equation
(Venkatachalam,Mangalaraj, Narayandass, Kim, & Yi, 2005) at
the strongest (101) plane.
D ¼ Kl=b2q cos q; (1)
where l is the wavelength of the X-ray beam (in our case
l ¼ 0.15425 nm of CuKa1), b2q is the full width at half
maximum, q is the corresponding Bragg angle and K is
Scherrer constant. As shown in Table 1, the mean grain sizes
of CMC 1% TiO2 and CMC 15% TiO2 are 11.9 and 21 nm,
respectively.
The TEM was used to further examine the particle size,
crystallinity andmorphologyof the samplesunder investigation.
It can be seen that the particle size of CMC 15%TiO2 as shown in
Fig. 2 is in nanoscale and the range of the size is 36e44 nm.Table 1 e Position of the intense peak (2q), FWHM (b2q)
and the crystallite size (D) for CMCwith different ratios of
TiO2.
Composition 2q (Deg.) b2q (Radian) d (A) D (nm)
CMC & 1% TiO2 25.12 0.013265 3.54 11.90
CMC & 15% TiO2 25.27 0.007505 3.3.52 21.003.2. DC Conductivity
The amorphousness of CMC changes with adding the metal
oxide TiO2 with different ratio (1% and 15%). The changes in
the amorphousness of CMC system contribute to the change
of conductivity of samples (Balasubramanyam, Reddy,
Sharma, & Narasimha Rao, 2007; Shuhaimi, Teo, Majid, &
Arof, 2010). Fig. 3 shows ln s against 1000/T in temperature
range from 295 to 315 K. This figure shows that the conduc-
tivity of CMC system increases with temperature for all
compositions according to Arrhenius behavior (Micheal,
Jacob, Prabaharan, & Radhakrishna, 1997) by the relation:
s ¼ s0 exp
DE
kBT

; (2)
where s0 is the pre-exponential factor, DE is the activation
energy and kB is the Boltzmann constant. The activation en-
ergyDEwhichwas calculated by linear fit of the Arrhenius plot
is listed in Table 2. It shows that DE for the conduction3.12 3.16 3.20 3.24 3.28 3.32 3.36 3.40
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Fig. 3 e LnsDC against 1000/T for CMC, CMC &1% TiO2 and
CMC &15% TiO2.
Table 2 e The activation energy DE and optical band gap
Eg for CMC polymer and CMCwith different ratios of TiO2
fresh and irradiated samples.
Composition DE
(eV)
Eg
(eV)
Eg (eV) at
20 kGy
Eg (eV) at
30 kGy
CMC Polymer 0.54 2.76
CMC & 1% TiO2 0.42 2.68 2.92 3.05
CMC & 15%
TiO2
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the activation energy of CMC/TiO2 with increasing TiO2 con-
tent is due to the improvement in the weak links between the
polymer and the oxide particles which resulting in a stronger
coupling thorough the grain boundary (Doh et al. 2006). In
pure CMC the particles are randomly oriented and the linkage
among the polymer particles is very weak, resulting in rela-
tively lower conductivity and higher activation energy (Cohen,
1992). In comparison, the presence of TiO2 in the composites
helps the formation of a granular shape, which leads to an
improvement in the compactness of the composite materials.
As TiO2 increases, the change in compactness becomes more
significant due to an improvement of weak links between
grains due to the encapsulation of polymer on the salt. This
ultimately results in a decrease in the activation energy as
shown in Table 2 (Basavaraja et al. 2006).1000/T (K-1)
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Fig. 4 e Temperature dependence of ac conductivity for (a)
CMC, (b) CMC &1% TiO2 and (c) CMC &15% TiO2.3.3. AC Conductivity
A convenient formalism to investigate the frequency depen-
dence of conductivity in a material is based on the power law
relation proposed by Jonscher (1983),
sT ¼ sdc þAus; (3)
where sT is the total conductivity, sdc is the frequency inde-
pendent dc conductivity and the coefficient A and exponent s
are material and temperature dependent parameters. The
term Aus comprises the ac dependence and characterizes all
dispersion phenomena (James, Priya, Uchino, & Srinivas,
2001). Hence the ac conductivity can be written as:
sacðuÞ ¼ Aus; (4)
where u is the angular frequency. From Eq. (4), sac(u) increases
linearly with frequency according to relaxation caused by the
motion of electrons or atoms, tunneling or hopping between
two equilibrium sites. As in Eq. (3), the experimental results of
the temperature dependence of the ac conductivity sac(u) are
obtained by subtracting the dc conductivity from the total
measured conductivity sT.
Fig. 4 (a, b, c) represents the ac conductivity as a function of
temperature at different frequencies in temperature range
from 295 to 315 K and frequency range from 80 Hz to 5MHz for
the investigated films. It is clear that sac(u) is temperature and
frequency dependent. The temperature dependence de-
creases as u increases, while increases at higher temperatures
and lower frequencies. The plots of ln sac(u) versus ln u for the
three films are given in Fig. 5 (a, b, c). The conductivity values
show weak frequency dependence at low frequency (up to105 Hz for blank and 103 Hz for 1% and 15%) but show strong
dependence at high frequencies. The most important and
interesting observation is that, the change of conductivity
with the frequency increases with increasing TiO2. From the
plot, the value of exponent s can be obtained from the slope at
the higher frequency region where there is no or minimal
space charge polarization. The frequency exponent s is plotted
versus T as in Fig. 6. It is clear that the exponent s of CMC is
less than the unity and increases with temperature. The
conduction mechanism of CMC film can be best represented
by the SPH model.
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Fig. 5 e Frequency dependence of ac conductivity for (a)
CMC, (b) CMC &1% TiO2 and (c) CMC &15% TiO2.
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of the investigated samples.
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temperature are greater than unity and decrease with the
temperature according to the CBH (correlated barrier hoping)
model this means that the relaxation centers are likely not to
be randomly distributed. Pairing of defects (clustering of
centers), as a result of the mutual Coulombic attractionbetween the charged defects, is proposed to cause such non-
random distribution (Hauser, 1983). The spatial distribution
function for the charged defects in the non-random case is
given by:
PðRÞ ¼ 4pNR2 exp

e2
4p 33k T R

(5)0 B g
The hopping ac conductivity in the case of narrow band
case (Elliott, 1979)
sacðuÞ ¼

p3
12

N2 330uR
6
u exp
2
4WM  kBT ln

1=us0

8kBTg
3
5 (6)
The frequency exponent s arising from the last equation is
given by:
s ¼ 1
2
4 6kBT
WM  kBT ln

1=us0

3
5þ

T
8Tg

(7)
3.4. Dielectric properties
It is well known that the dielectric properties of a solid are very
sensitive to the local field distribution within the sample.
Studies of the temperature and frequency dependence of
dielectric properties can reveal useful information about
structure changes, defect behaviors and transport phenom-
ena. The complex dielectric constant of a material medium is
represented by a real 31 (dielectric constant) and an imaginary
32 (dielectric loss) parts according to the relation:
3¼ 31 þ i 32 (8)
The experimental values of 31 and 32 can be calculated from
the following relations:
31 ¼

L
A

C
30

; (9)
32 ¼ 31 tan d; (10)
where L is the thickness of the film, A is the area of the film, C
is the capacitance, 30 is the permittivity of free space and tan d
is the loss factor. Figs. 7 and (8) show the temperature and
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Fig. 7 e Temperature and frequency dependence of (a) 31
and (b) 32 for CMC sample.
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and (b) 32 for CMC & 15% TiO2 sample.
Fig. 9 e Energy dependence of (ahy)1/2 for CMC and (ahy)2 for
CMC &1% TiO2 and CMC &15% TiO2.
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dielectric loss 32 for the blank and 15% TiO2 samples in the
frequency range from 80 Hz to 5 MHz and temperature range
from 295 K to 315 K. It is clear that the dielectric constant 31
and dielectric loss 32 for all samples increase with increasing
temperature and decrease with increasing the frequency. The
behavior of dielectric constant implies the phenomenon of
polarization that rises with temperature due to the charge
redistribution by carriers hopping on defects in this system
(Vasudevan, Carin, Melloch, & Harmon, 1998; Zukowski,
Kantorow, Maczka, & Stelmakh, 1989) as in Figs. 7a and 8a.
For the dielectric loss this behavior depends on different types
of loss, conduction loss, dipoles loss and vibration loss. At low
frequency all of them contribute to the dielectric loss and in-
creases with temperature. At high frequency, the vibration
loss only contributes the dielectric loss so 32 has theminimum
value Figs. 7b and 8b.
From Figs. 7 and 8 we note that the dielectric constant and
dielectric loss decrease with TiO2 content this can be
considered specifically due to the improvement in the weak
links between the polymer and the oxide particles which
resulting in a stronger coupling thorough the grain boundary
(Doh et al. 2006). This agrees with the fact that the weaker
bonds respond to the ac electric fields more easily than the
stronger bonds.3.5. Optical band gap
At high absorption coefficient levels the absorption coefficient
a(n) for the materials can be related to the energy of the inci-
dent photon hn according to Tauc formula (Alniami & Al-
Dileamy, 2007):
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Fig. 10 e Energy dependence of (ahy)2 for CMC &1% TiO2
fresh and irradiated samples.
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Where B is constant, Eopt is the optical energy gap andm is an
index. The value of m determine the type of electronic tran-
sitions causing the optical absorption, it takes values 1/2, 3/2, 2
and 3 for direct allowed, direct forbidden, indirect allowed and
indirect forbidden transition, respectively. Fig. 9 shows the
relation between (ahn)2 versus hy plot according to Eq. (11). The
direct optical band gap can be obtained from the intercept of
the resulting straight lineswith the energy axis at (ahn)2¼ 0 for
two samples 1% and 15%. Inset shows the relation between
(ahn)1/2 versus hy which indicates to indirect allowed optical
transition for pure amorphous CMCwith indirect optical band
gap equal to 2.76 eV (Tembhurkar & Hirde, 1992). The values of
Eopt for the three samples are listed in Table 2. We note that
the optical band gap changes from indirect to direct with
adding TiO2 to CMC. This effect due to the change from the
amorphous structure to nanocrystalline structure. Also, Eopt
decreases with increasing TiO2 content from 1% to 15% to be
2.68 and 1.42 eV, respectively. This can be explained because
of the band gap of semiconductors has been found to be par-
ticle size dependent (Reddy, Manorama, & Reddy, 2002). The1.0 1.5 2.0 2.5 3.0 3.5
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Fig. 11 e Energy dependence of (ahy)2 for CMC &15% TiO2
fresh and irradiated samples.band gap decreases with increasing particle size and the ab-
sorption edge is shifted to a lower energy with increasing
particle size. This effect agrees with the increase of crystal-
linity with increase of the TiO2 content.
3.5.1. Effect of g-irradiation on the optical band gap
Figs. 10 and 11 show the (ahn)2 as a function of photon energy
for CMC 1% TiO2 and CMC 15% TiO2 fresh and g-irradiated
samples. As shown in the figures the absorption edge shifted
to higher photon energy with the different doses. At 20 kGy
the optical band gap is 2.92 and 1.53 eV for CMC 1% TiO2 and
CMC 15% TiO2, respectively. At 30 kGy the optical band gap is
3.05 and 1.56 eV for CMC 1% TiO2 and CMC 15% TiO2, respec-
tively. Table 2 shows the optical band gaps for fresh and
irradiated samples. As shown in the table the optical band gap
increases with increasing the doses of g-radiation, this effect
may due the decreasing in particle size i.e. decreasing of
crystallinity with increasing the doses of radiation
(Gasaymeh, Radiman, Heng, & Saion, 2010).4. Conclusion
TiO2 nanparticles were prepared by solegel technique. XRD and
TEM showed the amorphous nature for CMC and nanocrystal-
line forCMC1%TiO2andCMC15%TiO2. Theelectricalactivation
energy DE decreases with increasing in TiO2 ratio. The ac con-
ductivity depends on the temperature and frequency. The fre-
quency exponent s increases with temperature in case of CMC
polymer according to SPH model and decreases with tempera-
ture in case of CMC 1%TiO2 andCMC15%TiO2 according to CBH
model. The dielectric constant 31 and dielectric loss 32 for all
samples increase with increasing temperature and decrease
with increasing the frequency. CMC polymer has indirect band
gap equal to 2.76 eV whereas CMC 1% TiO2 and CMC 15% TiO2
have direct band gap which has 2.68 eV for CMC 1% TiO2 and
1.42 eV for CMC 15%TiO2, this effect due to the improvement of
the crystallinity with TiO2 ratio. The optical band gap increases
with increasing the doses of g-radiation, this effectmay due the
decreasing in particle size i.e. decreasing of crystallinity with
increasing the doses of radiation.r e f e r e n c e s
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